Random inbred lines produced by doubled haploidy and single seed descent have been used to examine the effect of the GP ert locus on quantitatively varying characters in spring barley. In general the mean of the erectoides sub-population is lower than that of the corresponding nutans sub-population for characters such as thousand grain weight, main stem weight and single plant yield. Furthermore, allelic variation at the GP ert locus makes a large contribution to the additive genetic variation for a number or characters. A suitable strategy for the deployment of dwarfing genes in barley breeding programmes is discussed.
INTRODUCTION
During the past 30 years, barley breeders have endeavoured to produce short, stiff strawed varieties that respond to the use of nitrogenous fertilizers without lodging in adverse weather conditions. A large number of dwarfing genes have been identified and used in barley breeding programmes to produce lines resistant to lodging. One of the most commonly used types of short straw in European spring barleys is that associated with an erect juvenile growth habit and erect ear carriage. Sources of this gene include the semi-dwarf variety Golden Promise which is a gamma ray mutant of the variety Maythorpe. This variety has been widely grown in Scotland and the erectoides dwarfing gene has often been used in the SCRI spring barley breeding programme.
The dwarfing gene present in Golden Promise has been shown to be a recessive major gene (GP ert) and is located on the short arm of chromosome 7 (Thomas, Powell and Wood, 1984) . Unfortunately the effects of this particular dwarfing gene Birmingham, doubled haploids (DH), produced by the Hordeum bulbosum technique, and single seed descent (SSD) lines were generated from the following crosses: Golden Promise x Mazurka (IT!) Golden Promise xArk Royal (T13) BH4/l43/2xArk Royal (TT4) Details of the experimental techniques used in deriving the material can be found in Huang, Dunwell, Powell, Hayter and Wood (1984) and Thomas and Tapsell (1983) . Twenty DH lines were produced from the F1 hybrids in the 3 crosses and 90 SSD lines were produced from F2 seeds. In addition, 56 DH lines were produced from random F, plants in the TT4 cross. The 90 random SSD lines from each of the 3 crosses were advanced to the F4 generation and then multiplied before assessment at the F6 generation. This material was grown, together with 10 control varieties, in 1979 in a two replicate generalized lattice small plot yield trial at the Murrays Farm, East Lothian.
(ii) The spaced plant experiment
The F1 and F2 derived DH lines were grown together with 40 SSD lines in a replicated experiment in 1983, again at the Murrays Farm, East Lothian. The experimental design was a randomised complete block of two replicates. Single plants were spaced 5 cm apart within rows and 225 cm apart between rows. The experiment was netted to prevent bird damage.
(c) The characters
The material was scored for juvenile growth habit approximately 6 weeks after sowing. It was therefore possible to classify the inbred lines into two groups: an erect group which possessed the erecbides dwarfing allele and the tall (nutans) group which possessed the corresponding nutans allele. During the growing season the following characters were scored: (a) Awn emergence, scored as days from 1st June until awns emerged from the flag leaf sheath of the main stem (AL). (b) Ear emergence, scored as days from 1st June until ears fully emerged from the flag leaf sheath of the main stem (EE). (c) Maturity, scored on a Ito 9 scale with 1-early, 9-late (Mat). (d) Lodging, scored on the drilled experiment on a I to 9 scale with 9 representing a completely lodged plot (Lod). After harvest, sheaves were returned to the laboratory and 5 plants were chosen at random for experiment (ii). For experiment (i) five plants were taken at random from each plot before it was harvested with a small plot combine. The experiments were cross, all the other variates scored in both the TT3 and TT4 crosses displayed significant variation. The fact that the mean square between lines was significant when tested against the error term indicated that there was significant additive genetic variation (D) for those characters. The magnitude of this variation can be calculated from the expected mean squares for the experiment since the between line component (o) will give a measure of D.
The main item of interest is the comparison between the erecioides and nutans populations.
Although there were small differences between the three crosses, in general there were significant differences between the sub-populations for the majority of characters scored. By classifying the inbred lines into the two groups carrying the alternative allele, it is possible to assess the effects of the GP err locus on mean performance in a random genetic background. The mean scores for the nutans and erectoides groups are given in table 2. It should he noted that for a number of characters such as thousand grain weight the mean of 
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I (table 1) were significant when tested against the between lines within groups item. This feature of the data is particularly important since it indicates that a significant portion of the additive variation is associated with allelic differences at the GP ert locus. This association between characters may be due to pleiotropy or linkage disequilibrium. Barley provides a unique opportunity to distinguish between these two mechanisms since populations derived by double haploidy from the H generation and single seed descent will differ as a consequence of the number of rounds of gametogenesis.
(ii) Spaced plant experiment
The results of the analyses of variance conducted on the data from the spaced plant experiment grown in 1983 are given in tables 3(a), 3(b), and 3(c). The most important points to be noted from these tables are: (a) There were significant differences between the means of the erectoides and nutans sub-populations and these differences were observed in both the DH and SSD generations. (b) These data confirm the observation on drilled plots that a significant portion of the additive genetic variation was associated with allelic differences at the GP ert locus. The magnitude of this portion is the reduction in the additive genetic variation when it is re-estimated from the component of variance between lines within groups (Al-Banna, Jinks and Pooni, 1984) .
Estimates (from the spaced plant experiment) of the total additive genetic variance (D) and that associated with allelic differences at the GP ert locus for the 111, 113 and 114 cross are given in table 4. Since the SSD lines were at the F7 generation but derived from F4 single plants D was used in the estimates of D from the SSD population.
Where there was no significant difference between lines, the additive genetic variance was not calculated. It can be seen from this table that alleles at the GP ert locus accounted for a large part of the additive genetic variation for characters such as thousand grain weight, main stem weight and single plant yield. The lines derived by SSD from F2 individuals were bulked at the F4 generation and have passed through 3 rounds of potential recombination and one would therefore expect a decreasing trend from F1DH (1 round of recombination) to SSD lines in the contribution of the GP ert locus to estimates of D if the association is due to linkage disequilibrium. The significance of differences between estimates of D associated with the GP en locus in the DH and SSD populations can be tested by maximum likelihood model fitting procedures (Pooni, Jinks and Pooni 1980) . In effect, one fits a model to the between groups and between lines within groups mean squares assuming a single value of D but allowing the between lines within groups mean squares to take their own values. Since the number of lines within each subgroup was not equal, the harmonic mean was used to calculate the coefficient for the expected mean square. There is 1 degree of freedom left for testing the goodness of fit of the model in the 111 and TT3 cross and two degrees of freedom in the case Table 4 Estimates of the additive genetic variance (D) and that associated with allelic differences at the OP ert locus for the ff1, suggest that the nutans group should not he a priori discarded in a breeding programme. However, the plant breeder often desires a low expression for some of the characters scored e.g., height, awn emergence and ear emergence. For these characters, the plant breeder would be better to work with the erectoides sub-population. Considering all the characters, the breeder would try to achieve a suitable balance in their expression according to his objectives. In variety production in an inbreeding species the most important genetic component is the additive genetic variance (D). This is the heritable portion of the phenotypic differences between homozygotes and is the fixable portion of the heritable variation (Mather and Jinks, 1971) . Analyses of the data presented here have shown that the portion of D associated with the GP Cr! locus can be as high as 100 per cent. Allelic variation at this locus makes a large contribution to the variation for: thousand grain weight, main stem weight and single plant yield. This association could he due to pleiotropy or linkage disequilibrium. The F1DH, F2DH and SSD generations differ in respect to the number of rounds of gametogenesis that will have contributed to estimates of D. If the association is due to linkage disequilibrium a decreasing trend from F1DH to SSD would he anticipated. This trend is not apparent and thus the residual effects in the SSD population could be due to pleitropy and or residual tight linkages remaining after 3 rounds of gametogenesis. Al- Banna eta!. (1984) working with Nicotiana rustica concluded that the pleiotropic effects of the major genes studied were not important. This would not appear to he the case with the present results and may reflect differences in the genetic architecture or the fact that the erecroides allele of Golden Promise was produced by niutagenesis and may therefore have associated with it a wider range of effects.
The major objective of most barley breeding programmes is to identify desirable recombinants. Considering table 2, it can be seen that although the mean score of the erectoides sub-population is generally lower than that of the nutans sub-population, the best line in the erect group exceeds the higher scoring parent. Hence by deriving random inbred lines by SSD, one is able to generate erectoides high scoring lines.
There is evidence that selection for quantitatively varying characters amongst homozygous families results in an increase in selection efficiency. Since the associations between the GP cr1 gene and quantitative characters remained after 3 rounds of recombination in the SSD generation it would suggest that F1 derived DH lines would he equally effective in producing desirable erecbides lines.
